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(54) IMPROVEMENTS IN AND RELATING TO DISPLAY DEVICES 

(71) We, Matsushita Electric In- flat or curved display panel. The panel can 40 

dustrial Company Limited, a Japanese be flexible. 

company, of 1006 Oaza Kadoma, Osalca-fu, Other features and advantages of the in- 

Kadoma-shi, Japan, do hereby declare the yeniion will be apparent from the following 

5 invention, for which we pray that a patent description of embodiments thereof, given 

may be granted to us, and the method by by way of example, and the accompanying 45 

which it "is to be .performed, to be partial- drawings, in which:— 

larly described in and by the following Figures la t ib and 1c are diagrammatic 

statement: cross-sectional views, of a display panel; 

10 This invention relates to a display or Figures 2a and 2b are cross-sectional 

display and recording device, hereinafter views of another form of display panel; 50 

referred to, for brevity, as a display device. Figures 3a and 36 arc diagrammatic 

The invention includes a display device cross-sectional views of another form of dis- 

comprising a layer, including a luminesc- play panel; 

15 ent material, the luminescent appearance of Hgurcs 4a and 4b arc diagrammatic 

the device being controllable by electro- cross-sectional views of anodicr form of 55 

phoretic movement . of an eiectrophoretic display panel; 

material in said layer. Hgurc 5 is a diagrammatic perspective 

The invention also includes a display view, part broken away, of a form of dis- 

20 device comprising a layer including a sus- play panel; 

pension medium and at least one material Figure 6a is a diagrammatic front view 60 

in a form susceptible of eiectrophoretic of an electrode for use in monogrammic 

mobility suspended in s'aid medium, at character display panel; 

least one of the components of said layer m Figure 6b is a diagrammatic cross-sec- 

25 being luminescent, and at least one of the tional view of the panel of Figure 6a: 

components of said layer being substan- Figure 6c is a diagrammatic front view of 65 

tially opaque to the radiation which excites an alternative form of the electrode of 

the luminescence or to visible light, said Figure 6a; 

suspension being bounded by opposed sur- Figure 7 Is a diagrammatic perspective 

30 faces, spaced electrodes positioned with view, partially broken away, of an image 

respect of said surfaces whereby on apply- display panel; w 70 

ing an electric field across said layer be- Figures 8a, 86 and 8c arc diagrammatic 

Uvcen said electrodes, the spatial distribu- cross-sectional views of an electrostatic 

tion of said eiectrophoretic material be- image display panel according to this in- 

35 tween said surfaces is elcctrophoretically vention; 

changed whereby to change the luminescent ^ rigurc 9 is a diagrammatic cross-sectional 75 

appearance to said device, v j ew of another form of image display dc- 

*The invention makes possible a lumines- vice; 

cent display device having a large and/or Hgurc 10 is a diagrammatic cross-sec- 
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tional view of an electrostatic image dis 

Pl Figure 11 is a diagrammatic cross-sec 
tional view of a display panel; 
5 Fi-ures 12a and \2b are diagrammatic 
crrSsectional views of a form of display 
panel; 

Figure 12c is a diagrammatic front vie.v 
10 ° E r^re P n K^diasrammatic perspective 
view of a member for use m the panel of 

Fi i>arc 2: i4 n t a diasrammatic cross-sec- 
tional Sew of another-form of display de- 

15 ViC ni the drawinss, the size and shapes of 
elJmeS arc not to scale and numerous 
Sents have been purposely distort ed* 

•>< ^T^sus^nsion layer 21, in a fluid state 

25 is Earned within a" bo£« » 

i frame 23 and two opposed major "° u: > m = 
vvalfs 24 and 25 of material transparent to 
radiation flux and y'S|b b •ighL 

30 The r P ^Zt^ J*J£*™ ** 
opposed major surfaces exicll ""-=>. r ^ 
surfaces of the housing wajs 24 and 
The suasion includes a dispersion o, at 

iWit- the electrodes are attached to he 
Inner surfaces of the housing walls 2, and 

45 25 The electrodes 28 and 29 are mounted to 
uJfeSS.oC, a direct voltage source ^ 
tNrrvmh a switching means M. it no ei<^ 
trie flefdlTmposed on the suspension layer 

throughout the suspending medium 27 as 
showiT diaarammatically m Figure Ut. 
Radiation sources 32 and 33. ^ 
55 ultSiolet light sources, are positioned . on 
onoosite sides of tlie panel so as to direct 
E on flux on both sides of the suspen- 
sion "™cr If the elcctrophorct.e material 
26 is luminescent and emits, for example 
60 «reen S when edited by ultraviolet light 
and it suspension medium 27 is not lum- 
inescent an5 strongly absorbs the visible 
ISStMd/or flte radiation flux, the susnen- 
stfn fayer 2 exhibits a deep green colour 



at electrodes 28 and 29 in response to the 65 

ra i'f a ihe 1 decp green suspension layer is sub- 
ice" a to a unidirectional electric field by 
loltasc from source 30. the dcclrophorctie 
material is caused to move clcctrophoretic. 70 
X in a direction toward the cathode or 
the anode, depending upon its polarity. For 
cample, if the materia «* "f^S 
chanred, it moves and is deposited on the 
anode 23. A non-uniform spatial distnbu- o 
lion results as shown diagrammatically in 

Fl Thfs different spatial distribution of the 
material 26 results in a luminescent appear- 
ance di'Jerins from that of the original sus- J>0 
pension layer of uniform distribution. JFor 
example, the panel may show a bright green 
colour at the anode because the green light 
-emitted in response to source ^2 <«m ™ 
layer of the clcctrophoretic : ma crial dc- S>5 
nosi'cd on the anode is directly visible 
■ iui.w „,;tUnn< transmission 



nosi'Ca on uuuuv. » — — * -.— . 
through live anode 28. without transmission 
iirouSi and absorption by the suspension 
nediilm 27. The cathode side of the panel 
is dar fc. since light emitted from Uie electro- 90 
phorelic material adjacent the anode is ab- 
sorb^ on transmission through l ie suspen- 
sion medium. Reversal of the direction 0l 
the field by reversing the polantj of t;ic 
unpHed voltage, causes the electrophorel.e 9> 
material to be deposited on the cathode 
as shown in Figure lc. and a reversal ol 
the colour characteristic of the panel. 
_ _ The forcaoing description assumes mat 
the suspension medium Is not luminescent iw 
but Uiii may not be so. and a lu«nine«c.|t . ,,. 
suspension medium can be used. In this 
case the panel may exhibit, at its surface., 
colours which are additive mixtures ot i.ic 
luminescent colours of the medium and the 10-- 
Ivtrophotoreiic material. The device of 
Figure l/> or Figure lc will snow, at du; 
trade 28. colours which are substami allj 
the luminescent colours of the electro- 
phoretic material or the suspension medium no 
respectively. The colour characteristic oi 
the panel depends upon the spatial dis n- 
bution of the electrophoreuc ™"" a >- ^ 
luminescent properties of the electro- 
^phoretic material and the suspension 
medium and transmission properties of ilk, 
decirophoreuc material and the suspension 
Piodiura for radiation flux and visible lignL 
In this way. when the device is exposed , to 
die radiation flux its luminescent appear- 
ance will change due to dectrophoreuv. 
movement of the material 26. 

If only a small amount of the clcctro- 
phoretic material is deposited on the anode, 
a half-tone appearance is produced at tnc 
anode side of the panel dependent upon 
the amount of material deposited clectro- 
phoreticallv on the anode. Hence the colour 
chnractcris'tic at the anode side of the panel 
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is subject to continuous control by con- Figures la, 16 and 1c If the electrophoretic 
trot* of the amount of material deposited material is luminescent and the suspension 
elcctrophoreiically on the electrode, and medium is non-luminescent and strongly 
this can be controlled by the direction, mag- absorbs light emitted from the clectro- 
5 nitude or period of application of the volt- phorctic material but transmits the radiation 70 
age. Since the colour at the cathode side of ilux widiout substantial absorption, the 
the panel is affected by the electrophoretic brightness of the device with the same 
movement of the dectrophorctic material spatial distribution of the electrophoretic 
toward the anode, the colour of die dis- material as indicated in Figures la, \b and 
10 play panel can be changed by varying the 1c is medium, high and low. respectively. 75 
magnitude, the duration and the polarity On the other hand, if the non-1 umincscent 
of the applied electric field. suspension medium does not substantially 

Electrophoretic material deposited on an absorb the light emitted from the electro- 
electrode surface by electrophoresis will phorctic material but strongly absorbs the 
15 remain on the electrode after the removal radiation flux, the brightness of the device 80 
of die applied electric field, and this means in the conditions of Figures la, lb and lc 
that die display device described serves to is medium, low and high, respectively. Thus r 
record information without the sustained the colour characteristic of such a device at 
use of electric field or power. The panel the side opposite the radiation source can 
20-j2an~ be -restored to its original colour by be_ change^-by^^plication of a suitable "85— ~ 
" an appropriate electric "field of reverse direct voltage. There can also be used sus- 
polarity or by the application of strong pension layers in which the suspension 
mechanical vibrations to the device. An medium is also luminescent, or the electro- 
applied A.C. electric field to the suspension phoretic material is non-luminescent but 
25 layer can also effectively restore the original the suspension medium is luminescent 90 
colour of the panel. When there is only one luminescent com- 

With the device shown in Figure 1, ponent in the suspension layer another 
changes of -the luminescent appearance of component in the suspension layer must be 
the suspension layer can be observed from substantially opaque to radiation flux or 
30 both sides of the panel since the radiation visible light emitted from the luminescent 95 
sources are positioned one on each side of component 

the panel, and two walls of the housing and A device in which the radiation source is 
the two electrodes arc aR transparent to located behind the panel is useful for many 
radiation flux and visible light If it is dc- display purposes as it does not require a 
35 sired to observe the device from one side large space in front of the panel. 100 
only the other housing wall and the attached The unidirectional voltage for control- 
electrode can be replaced by an opaque ling the electrophoretic material need not 
conductive plate such as a metal plate for be a constant direct voltage and may be 
example, and the corresponding radiation any other unidirectional voltage such as a 
40 source omitted. A suspension layer com- pulse voltage or pulsating voltage. 105 
prising a luminescent suspension medium The radiation flux for activating the 
and at least one luminescent or non- luminescent suspension layer can be any of 
luminescent electrophoretic material sus- a number of suitable sources; in addition 
ponded in the luminescent suspension to ultra-violet light there can be used 
45 medium can also" be used. At least one of visible light x-ray, y-ray. electron beam or no 
the components of the suspension layer, that oc-particlcs. Such luminescence phenomena 
is the. suspension medium or the electro- arc usually called photoluminescencc, radio- 
phoretic material, must be luminescent and luminescence or cathodoluminesccnee, rcs- 
anothcr component must be substantially peciivcly. Examples of ultra-violet sources 
50 opaque to the radiation flux and /or visible include fluoroescent lamps, mercury lamps, \\s 
light emitted from the one luminescent com- xenon lamps -or sun light 
ponent The desired opacity can be due to Ultra-violet fluorescent lamps such as. 
absorption and/or reflection of the radia- f or example, a lamp radiating in a range 
tion flux or visible light about 2537A. chemical lamp radiating ultra- 

55 In another form of the device a radiation violet light of about 3000A or a black light 120 
source is disposed behind the panel and lamp radiating ultraviolet of about 360OA 
visible light is* emitted from the front When arc convenient to use. By positioning several 
a device" of this type is observed through lamps behind the display panel a relatively 
the electrode 28, for example, tiic radiation slim display device can be made, emitting 
60 source 32 is removed and the housing wall visible light information from the front of 125 

24 and the electrode 28 must be trans- the panel. 

parent to visible light and the housing wall It is not necessary that the radiation 

25 and the electrode 29 must be transparent source should be positioned outside the 
to the radiation flux. The operation of such suspension layer, and the source can be dis- 

65 a device can be explained with reference to posed inside the layer. Radioactive isotopes 130 
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such as. for example, radium ustraolnm l90. 
tritium or promethium 147 radiate suitable 
flu" such Jk a-particlcs or clec rons. If the 
s^ynsion layer includes a su.table rad.o- 
5 active i^topc and at least one uminesccnl 
3 cCp^capable of radiation ™ble 
light by the radiation flux from the isotope 
life device is self-luminescent and no ex- 
ternal source of radiation is required. 
10 The means for activating *V^u£e 
layer is not restricted to a radiation ^ source 
25 the layer can be made to emit visible 
light by excitation by an electric field 
SppUedVross. the suspension flayer ; ftjta 
15 fey electroluminescence. Ww*™* ""2™ 
15 puorctic suspension layer includes attaj 

suitable time-vao'ing field, mcudmg an 

offer Sample, an A.C. voltage from the 
10 voltaae source 30 applied between iheefc^ 
trod'-l 23 and 29 in Figure 1. An eleU ic 
field allied across the suspension Jajer 
fo control its brightness can cten^ t- c 
snatial distribution of the clectrophorUh. 
" S aPin the suspension- medium estab- 
° 5 feted by application of the unidirectional 
vXk For example, a ^atia di^bu- 

-b a ttyeUy U »« 

ani cha„ge-it to the distribute o elect o- 
a< nhorctic material as indicated m Figure la. 
43 xhirchanae in die spatial distribution of 
^eteSptoSafc material depends upon 
rhc nwSdc. the duration and the fre- 
cuenTv S of the alternating voltage applied, 
-n Tf the e'ectrophoretic material suspended in 
30 JL siSeS medium , follow the fre- 
Sencv of the applied altcrna mg votage to 
the extent of vibrating bety/cen the dec 
trades, the device emits >^ 
55 trades, cyclically varying at ihc irequcnc> 
of the applied voltage. 

nn the- other hand, if the suspen- 
s^on lajcr Si a spatial distribuum 
of the WMrophorctic matena as shown 

ASc voltage source 30 the nega- 
te electrophoretic material, while crnit- 
n- u<*ht, moves toward an anode under 
65 & in tee of the pulse voltage and is 



deposited on the anode surface, whereby the 
device emits electroluminescent light at 
the anode. In consequence, a device haying 
a suspension laver in a liquid state bright- 
ened by an electric field having a direct 70 
component, cannot produce a stationary 
half-tone display because the applied volt- 
a«e deposits all of the electrophoretic ma- 
terial on the one electrode. If, as described 
hereinafter, the suspension layer is hard- 75 
ened after the desired spatial distribution oj 
the electrophoretic material is established 
by the unidirectional field, application of 
any electric voltase from the voltage source 
30 across the suspension layer to control SO 
the brightness of the suspension layer can 
maintain the desired colour of the display 
without changing the spatial distribution oE 
the electrophoretic material in the suspen- 
sion jnediun\. . ~ = ; » ;-'"*■* * . - S5 

The suspension layer may also consist ot 
an electroluminescent electrophoretic ma- 
terial suspended in an electroluminescent 
suspension medium, [f the colour of the 
lMit emitted by electrophoretic and sus- 90 
pension mediums differ in hue and/or 
saturation, the colour characteristic of the 
display can be varied over a wide range 
bv varying the polarity of, for example, a 
ropetiiive pulse voltage applied across the 95 
suspension layer. The electroluminescent 
suspension medium can be prepared by, tor 
example, suspending an electroluminescent 
non-electrophoretic material in non-e!ectro- 
lumjneseeiu suspension medium. In the pre- 100 
sent specification, the" expression "suspen- 
sion medium" includes not only a single 
phase liquid or solid medium but also a 
suspension comprising non-electrophoretic 
particles suspended in a liquid or solid 105 
medium. . ... 

The suspension medium opaque to visible 
llaht can be prepared by dissolving a 
coloured substance, such as a dye, m a 
colourless liquid, or by suspending electric- ] to 
ally neutral coloured particles, such as dyes 
or pigments, in a colourless liquid. As an 
example, a deep blue suspension medium 
can be prepared by dissolving oil black dyes 
in ethyl acetate or kerosene. 115 

Tiaures 2a and 26. show another form of 
displav means: in these and in subsequent 
Figures, similar parts bear similar refer- 
ences. In Figure 2 a luminescent or non- . 
luminescent porous layer is inserted in a i-u 
suspension medium 36. The suspension 
medium 36. the porous layer 35 and the 
electrophoretic material 26 together make 
up a luminescent electrophoretic suspen- 
sion laver 37. Merely to facilitate cxplana- is 
tion, it is assumed that the suspension 
medium 36 is non-luminescent and transpar- 
ent with respect to radiation flux and visible 
KriiL In the device of Figure 2a. when the 
device is subjected to radiation tlux on both liu 
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its surfaces, a luminescent colour will be 
produced which is a mixture of the lumin- 
escent colour of the clectrophoretic material 
26 and that of the luminescent porous layer 
5 35, if the porous layer is luminescent and 
the colour can be seen from both electrodes. 
In Figure 2 and subsequent Figures the 
radiation sources are omitted 

If for example the porous layer emits red 
10 light when subjected to ultra-violet light, 
the display device emits yellow light at both 
electrodes, being an additive mixture of 
the red luminescent light of the porous 
layer 35 and the green light of the electro- 
ns phoretic material. If a unidirectional electric 
field 4s applied between the two electrodes 
28 and 29, the eicctrophoretic material is 
caused to pass through the porous layer and 
to be deposited on. one electrode, depending 
20 - upon.Ks polarity, for example the anode, 
as shown in Figure 2A. Also, for case of ex- 
planation, it is further assumed that the 
display is observed from one side only, that 
is from the side or wall 24 and that the 
25 radiation is. directed against that side only; 
in such an arrangement the housing wall 25 
and electrode 29 could be replaced by an 
opaque electrode such as for c?;ample, a 
metal plate, fc the layer of eleclrophoretic 
30 material 26 deposited on anode 28 is opaque 
to the radiation flux and/ or the light emitted 
from porous layer 35, the device in the ex- 
ample given will show the green colour of 
the* clectrophoretic material. With a direct 
35 voltage of opposite polarity applied between 
electrodes 28 and 29, the clectrophoretic 
material is caused to pass through the 
porous layer 35 and to be deposited on the 
electrode 29. If the porous layer is substan- 
40 tially opaque to the radiation flux and/or 
the iight emitted from the clectrophoretic 
material, the red light emitted from the 
porous layer in response to the radiation 
will be seen. Thus, the colour characteristic 
45 of the device can be changed from green 
dirough yellow, to red, or vice versa, de- 
pending upon the polarity of the applied 
direct voltage. 

In anodier arrangement, the radiation 
50 source is arranged behind the panel as 
source 33, and no radiation is directed against 
the wall 24, from which side the device 
is observed. If the porous layer 35 and the 
electrophoretic material 26 are opaque to 
55 radiation flux but transparent to visible 
light, or are opaque to visible iight 
but .transparent to radiation flux, die 
colour characteristic of the device can be 
changed from the green, through yellow 
60 to red, or vice versa, again depending upon 
the polarity of die applied direct vdtagc. It 
is not always necessary that the porous 
layer and the electrophoretic material 
should both be luminescent; if one at least 
65 is electroluminescent, the colour character- 



istic of the device can be changed by vary- 
ing the polarity of a respective direct voltage 
pulse or a pulsating electric voltage from 
voltage source 30. 

The porous layer 35 can be made from 70 
any luminescent or non-luminescent sheet 
material in which pores exist or can be pro- 
duced. The pores must be of a size large 
enough to permit the particles of electro- 
phoretic material to pass through but must 75 
be as small as possible to disturb the trans- 
mission of radiation flux or the light 
emitted from the luminescent component. 
Suitable materials include cloth or a mesh 
fabric woven of natural or artificial fibres; 80 
a fibroid sheet having thousands of irre- 
gular pores; a thin plate with a very large 
number of very small holes; and a sheet 
of material of a granular nature bonded 
with resin or an adrKSSS. agent to form a 85 
porous structure. 

in the construction of Figure 3a, a sus- 
pension medium 39 includes at least two 
kinds of clectrophoretic materials 40 and 
41 in finely divided powder form. For sim- 90 
plicity of description, it is assumed that the 
suspension medium 39 is non-Iumincsccnt 
and transparent to radiation flux and visible 
iighu The suspension medium and die ma- 
terials 40 and 41 together provide a iumin- 95 
esceni electrophoretic suspension lavcr 42. 
The tv/o materials 40 and 41 diller with 
respect to charge polarities and luminescent 
properties. It is not necessary diat both of 
the electrophoretic materials 40 and 41 of 100 
the suspension layer should be luminescent. 
This device displays at its opposite sides 
a colour which is a mixture of the lumines- 
cent colours of the two kinds of eicctro- 
phoredc materials 40 and 41 when excited ^5 
by radiation flux or alternating electric 
field. 

If a unidirectional electric field is applied 
to the clectrophoretic suspension layer, the 
two electrophoretic materials 40 and 41 of 110 
different types arc caused to move clectro- 
phorctically in opposite directions. The ma- 
terial of positive polarity moves towards the 
cathode and is Uierc deposited, and that of 
negative polarity moves to and is deposited 115 
on the anode, as indicated in Figure 3 b. 
If the material of positive polarity emits, 
for example, green light and the other and 
negative material emits, for example, red 
light, a spatial distribution of electrophoretic 120 
materials 40 and 41 as indicated in Figure 
3b wiH result, producing a green colour at 
the caUiode side and red colour at the 
anode, since the electrophoretic materials 
arc substantially opaque to radiation flux 125 
and /or visible light. 

Before the unidirectional electric field is 
applied the device has a yellow colour at 
both electrodes, due to uniform spatial dis- 
tribution of the green-luminescent material 130 
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cent component in the suspension layer is 
excited by the radiation flux or electric field 
such as alternating pulse or pulsating elec- 
tric field, applied thereto. 

The lumiuesccnt property of the suspen- 
revci»ui S «•« t.v»-"v ^ ': d r A having sion layer is susceptible of control by a 
voltage. A device can be PfO^-" na V»» » f t : 0 , i( .i d app |icd to it: Inc applica 
a radiation source al one s.ue only as des g^?^ ^ dislr ; b ution of the 

cribad above. . ^ and e i eclrop ho~reUc material in the suspension 



and the red-luminescent material, as indi- 
cated in Figure 3a. . Ai . n t. v 
The colour characteristic of the display 
or display and device can be reversed b> 
Reversing the polarity of ll« »FP^ d »£ 
voItsK. A device can be provided having 



In the device shown in t^ u « 1? H 
10 4Z> an electrophorctic suspension l L,a 4, 
includes a suspension medium ^ a id al 

A and 46 in finely divided powder form. 



15 



ncia cnanses uic s^uuai : 

electrophorctic material in the suspension 
medium cScctrophoreliealiy so that the mag- 
nitude of the radiation flux for producing a 
Tiven brightness of the iumincscciU compon- 
ent in the suspension layer changes and/or 
the lisrht emitted from the luminescent com- 
ponent in the suspension layer changes in 
strength and/or spectral property be ore the 
liaht cmcrsres from the device. I he sus- 
pension layer, therefore, must comprise at 
least one component which is substantially 

...tit- -w !-».».»* \r\ .xnWiallOll llUX. 



70 



75 



least two Kinas ul ciw.hwi*uv 

45 and 46 in finely divided powder form 
the two materials have the same charge 
nolariiv but different electrophorctic 
SSes and . luminescent property 
Iihiallv. the device of Figure 4a has on 
b-th sides a luminescent colour wmch is 
_ _a mixt^of the 1™^*^^^ io ■^"^on .Huk 

idnds of etetrophoceW 'HfKJgT^Sor U-.c Itahl emitted from the Sumine* 
subjected to radiation flux or altema ua» aau - . ^ suspension layer, fhe 

electric field If ^aqueTmponent consist, of at least, one 

example, yellow and WueM. ^Jgj^ component, not including the one lum.ne.n- 
the device. «to« waite c*w a a f ffi ^component, and may be ^elected rom 

the group consistmg of the suspension 
medium, the electrophorctic material and 
the porous layer. In Figures I to f, it the 
device is observed from one side only. lor 
example from die side of electrode 2ci. the 
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the device suows vfiuw ww«*. ; . 

effect of the yellow and blue light, at bo 
s des With an applied direct electric field 
SSh tvpS cf electrophorctic material are 
SuseP to move elcctVophoretically in the 

same direction. - , 46 

If electrophorctic materials 45 a«a -*o 

It w-^" l U^frnn inmtiC 11200 till V 



so 
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material 46. the maieruu \ 

CfSAl .46 to the susoension ^aver 
under the elTect of the electric tod and a 
neater amount cf the rorrncr matcnai is 
deposked nearer the cathode, as indeed 
in Figure 4b. The device tnus exhibas a 
SuS cdlour toward the cathooe and a 
blue colour toward the anode. Tins £ 
cause the electrophorctic materia s 45 ana 
46 are substantially opaque to radiation tux 
and/or visible light. 

The colour of die display or display and 
reco SiS dSfce can be reversed by reycrs ; 
Ln^thJ polarity of the applied <^recivd^ 
t will be seen that in the ^odi^jrf 
the invention so far described and Ulus- 
Hhl luminescent ele^trophoreuc sus- 
fen law comnrises a suspension 
Sum and at least one elcctrophojetic 
mtehl 2 1 a finely divided powder form 
SJndU in the medium. The ^pension 
laver can comprise a porous iayei and.or 
anodier electrophone material wlucn may 
have a diircrent luminescent WP^y. appo- 
se charee polarity or different clcUro- 
phoretic mobility from, at least one » .** 
ckctrophorctie materials. The electro 
60 phorctk suspension layer mdud« at lea, 
on- luminescent component selected from 
Se "roup consisting of a suspension 
medium the dectrcphoretic material and a 
S^laver. The luminescent suspension 
65 h^r emits visible light when the Iummes- 
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When the suspension laver « i-aiu™* ™ 
to emit lisrht in response to the radiation 
ilux -it- is" further, .necessary that, at icast 100 _ 
one' of the housing rails 24 and 25 and 
the electrode adjacent that wail, should be 
transparent to die radiation Rux. " IS 
oossiblc to construct devices of diUerent 
type by directing the radiation source toward \Q5 
w? 1 ! 24. that is, toward the front oi the 
panel or toward wall 25. that is. with tne 
source behind tiie panel. In any airanue- 
raeni. the wall and the electrode facing me 
radiation source must be transparent to the no 
radiation llux. 

In Fiaure 5. a suspension layer 50 can 
be any" one of the possible luminescent 
electrophorctic suspension layers described 
such as layers 21. 37, 42 or 44. The layer 11? 
50 inciudes at least one eleetropnorctic ma- 
larial suspended in a suspension medium 
and is enclosed in a housing 22 having op- 
posite major walis 24 and 25. The first e:ac- 
erode 51 carries a paiiern. or symbol, sr.owu i-0 
aj an E-shaned svmbol. Tiie second elec- 
trode 52 extends" substantially umronniy 
across the entire v/all 24. The device is in- 
tended to be observed only from the side oE 
wall 24. and so wall 24 and the electrode 125 
S2 are made transparent to al least visible 
ii-ht. If the electrophorelic suspension layer 
SO is electroluminescent^ the device will dis- 
play the svmbol *E' upon apnlicalion of, for 
example. *a sinusoidal alternating voltag-\ I A" 
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or an alternating or direct ptHsc type voltage elcctrophoretic material suspended in a 
between electrodes 51 and 52. The colour suspension medium, enclosed in a housing 
of the *E* can be changed for example by 22 having major walls 24 and 25. ° 
reversing the polarity of the applied direct A first electrode consists of a scries of 

5 voltage. strip electrodes x l§ x.. x which are 70 

When the layer 50 emits light when ex- parallel to each other and arc attached to 
cited by radiation uux; the device is pro- the inner surface of wail 24. A second 
vided with at least one radiation source, in electrode is attached to the inner surface 
front of or behind the panel, and the wall of wall 25 and consists of a further series 
10 and electrode attached exposed to the radia- of strip electrodes y u y-, y 3 , . . . paraHcl 75 
lion ilux must be transparent to it. The to each other and "at right angles to elcc- 
colour characteristic of the symbol- can be trodes x t . x., x c . . .. 
changed, while the suspension layer is ex- If the device is to be observed through 
posed to radiation flux, by varying the mag- the wall 24 the wall 24 and the adjacent 
15 nitudc, duration of application or polarity electrode must be transparent to visible 80 
of die applied direct voltage. light. When the suspension layer 22 is cx- 

Thc construction shown in Figures 6a cited by the radiation flux so as to emit 
and 6/> includes a luminescent electro- light, the device has at least one radiation 
phoretic suspension layer 50 which can be source in front of or behind the panel. The 
20 any of tfcga&tectrophorctic suspension layers -housing-waU-and -the electrode facing to- §5 
described, such as teyerS*-2r7 37. 42 or 44. ward the radiation source arc transparent 
The layer includes at least one electro- with respect to the radiation flux, 
phoretic material suspended in a suspen- A unidirectional electric field is applied 
sion medium and is enclosed in a housing between one electrode of the series x t , x„ 
25 -2 having two opposite major walls 24 and x St . . . and one of the series y lf y = , y a , . 90 
- 5 - If, for example, voltage is applied" between 

A first electrode 53 is composed of a plur- electrodes x 3 and y 3 . that part of the sus- 
aiily of separate segmental electrodes Pension layer 50 at the intersection elec- 
S t — 5.. A second electrode 52 extends uni- erodes x 2 and y. Is subjected to the field 
30 formly over the area of wall 24. The wall and forms one picture element. The 95 
and electrode through which the device is narrower the strip electrodes, the smaller 
observed are transparent to at least visible lnc picture elements thus formed, 
light. When layer 50 is exposed to radia- More than one electrode can be selected 
tion flux to cause it to emit -light, the wall from each series to enable a desired pattern 
35 and adjacent electrode exposed" to radiation °f picture elements to be built up. Scan- \qq 
flu;: must be transparent to the flux. Elec- "jng techniques can be utilized to scan the 
trodes S, — S : arc connected through con- pjcture elements sequentially and cyclically, 
duclive leads io ekcirical terminals T„ — T r The desired series of strip or segmental 
positioned on the exposed surface of the electrodes as shown in Figures 5, 6 and 7, 
40 wall 5 as shown in Figure 6b. The elec- can be prepared by any suitable method, 105 
trodes S t — S- provide a monogram mic dc- such as e'ectrodeposilion, vacuum evapora- 
vice, so that different combinations of the tion, printing cr photcetching techniques, 
electrodes Si — S ; can be used to present Another embodiment of the" invention is 
dirteront numbers or characters when a shown in Figures &/, Sb and 8c. This in- 
45 direct electric field is applied across the eludes a suspension layer 50, which can be no 
selected segmental electrodes and the sec- any of the layers previously described. The 
ond electrode 52 while the suspension layer layer includes at least one elcctrophoretic 
50 is exposed to radiation flux. For ex- material suspended in a susnension medium 
ample, a direct electric field applied across and is enclosed in a housing 22 having 
50 the electrode 52 and the segmental elec- spaced walls 55 and 56; at least one v/alH 115 
trodes S, t S,, ,S fi and S- wHl cause the in this case wall 55, consists of a sheet of 
device to display a formalised figure 4 3\ an insulating material such as polyester, 
Tn another method of connecting the seg- cellulose acetate, cellophane or polycthyl- 
mental electrodes S, — S r to the respective cne. 
55 terminals, shown in Figure 6c, the electrodes An electrode 57 is placed on the outer 120 
are connected to electrical terminals located surface of the wall 55: it is not fixed to the 
on the edges of the wall 25 by using leads surface of the wall and can be easily re- 
L, — L T formed on the same surface as die moved. The electrode is, however, coupled 
segmental electrodes. Odicr methods of to the suspension layer 50 The second 
60 making the necessary connections can be electrode can be, for example, a metal plate 125 
adopted. and as shown is constituted by the other 

The construction of Figure 7 includes a wall 56 of the housing, 
suspension layer 50 which can be any of the K the second waH has- a high electrical 
layers described such as layers 21, 37. 42 resistance, a second electrode can take the 
65 or 44 and as such includes at least one form of a thin electrically conductive film 130 
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attached to the inner surface of the waU 
5& again, it is also possible to use as Ae 
electrode, a metal plate on which .the wall 
56 is placed. If the wall 55 has a h.gh dec- 
5 trical resistance, a . hejher value of direct 
voltage must be impressed between the 
electrodes. _ . . w 

The contact area of the first decode 57 
can be given a pattern, and when a direct 
10 electric field is applied corresponding pat- 
terns are produced on the surfaces of walls 
55 and 56 due to the movement of the 
electrophoretic material, and tins pattern 
will persist after removal of cfccirode 57. 
15 The wall of the housing through which the 
effect is observed must be transparent to 
visible light and the wall exposed to radia- 
tion flux must be transparent to it. 
The electrode 57 can be a nmmulgc. 
20 electrode, such as a pen-like elec rod^p,- 
ablc of being moved freely over the surface 
of %Sn 55 wd it is then possible to produce 
a desired pattern, or writing, on the surface 
of the wall by applying voltage between he 
25 pen electrode and electrode at 56. while the 
electrode 57 is moved. 

The desired electric field across the sus- 
pension layer 50 can be produced by surface 
eharcing of the high resistance wail 55. 
30 using charged particles such as ions or clco 
irons in a manner similar to tnat uses in 
electrostatic recording. Ml ,*m« n 

To erase the electrostatic patterns, a 
roller having a conductive : surface ean be 
35 use^/wilh alternating or direct volume- a > 
plied to it, the roller bemg moved o.ei Ufc 
msuiaiins surface of she waH. Alternative^ 
positive ~or negative charged pa rticles can 
be put on the surface of the wail to produce 
the erasing electric held. 



40 



It is preferred to insert between walls So 
znd 56 a spacer such as a porous layer 5o. 
^ shown in Figure 8fr. or a sheet 59 having 
a large number of projections as shown in 
45 Fi-ure 8c, particularly when the walls are 
of flexible material. Said spacer is suteton- 
iiaiiv transparent to visib e hga and radia- 
tion" flux and serves to keep lac walls 5d 
and 56 apart, and preserve the desired 
50 thickness of layer 50 despite P*^£ 
applied to the wall of die housing due to 
die pressure of the electrode 57 or to bend- 
ins of the housing, where the clectro- 
nhoretic suspension layer is in liquid form 
S5 The snacer can be made from any sheet 
haviug pores or projections and suitable ma- 
terial is a screen made of nylon or Tetron; 
Tctron is a trade name of a polyester fibre 
available in Japan. The porous layer :>5 
60 in Fisure 2a must be substantially opaque 
or luminescent, but the spacer 58 or 59 is 
substantially transparent and nqn- umuics- 
ccnt and may act as a mechanical spacer 
between major walls of the housing. The 
65 spacer can be merely inserted between the 



two wails, or one or both surfaces of the 
spacer can be attached to the surface of the 
adjacent wall. The spacer need not be in- 
serted in a suspension layer which includes a 
porous layer such as 35. if that layer is cap- 70 
able of serving as a spacer between walls 
of the housing" . 

Another form of construction is shown 
in Figure 9. Housing 22 has an insulating 
wall 55 and a wall 25 to which is attached 75 
an electrode 29. connected to a voltage 
source 30. Wall 25 and electrode 29 are 
transparent to at least visible light. Housing 
contains the electrophoretic suspension 
fayer 50 and the housing is designed to 80 
form the front face of the envelope 60 of 
a cathode ray tube device. 

The device includes an electron gun 61 
and scanning means 62, by which negative 
electron charges 4a^=^ciV pattern can be 85_ 
deposited on the insulating surface of the 
wall 55. Bv modulating the beam intensity, 
for example in accordance with a video sig- 
nal, die charge pattern built up will pro- 
ducc a corresponding electric field across 90 
the electrophoretic layer 50. When the sus- 
pension layer is exposed to radiation flux, 
visible patterns are reproduced on the walls 
^ and~55 due to the movement of the c!ec- 
troniioretic material. Conveniently the radia- 95 
tion flur. can be directed onto the suspension 
layer throush a transparent window 6.> in the 
envelope and through wall 55. or through 
the v/all 25 and electrode 29. In thclatter 
case, if the electrode 29 _and wall 25 are 100 
transparent to radiation flux and to visible 
lisht, she window is not necessary. The fust 
-ie-trodc 29 acts as an anode, and the elec- 
tron sun 61 acts as a cathode. The visible 
pattern can be erased by a suitable second- 105 
arv emission characteristic of wall 55. 

In a modification of the display device 
<hown in Insure 9 the wall 55 is replaced by 
a wire-mosaic faceplate consisting of a 
ttiin glass sheet havin* embedded therein 1 10 
a law number cf fine transversely extend- 
ip<* wires. This wire-mosaic provides the 
electrical connection between the electron 
beam in the vacuum and the electrophoretic 
suspension layer outside the vacum. The U5 
electron beam charges the wires of the 
mosaic and so applies an hlput electric field 
across the suspension layer. 

Fisure 10 shows an arrangement includ- 
in* the suspension laver 50 which can take i-v 
any of the forms described. The layer in- 
cludes at least one electrophoretic material 
suspended in a suspension medium and is 
applied to a base plate or sheet 65 which can 
be of material such as paper, metal or i-? 
plastic. The base plate is placed on an elec- 
trode 66. Since the suspension layer is not 
confined within a housing, it must have high 
viscosity, but must be capable of being 
brouzht to a condition in which the re- i-nJ 
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quisite degree of dectrophotcric mobility 
is possible when voltage is applied, A suit- 
able suspension layer may be in a solid state 
at room temperature but capable of being 
softened by a suitable method, such as 
heating or the addition of a solvent. 

An electrode 57 is shaped to give a de- 
sired pattern of contact with the surface of 
the suspension layer. A direct electric field 
is applied between the electrodes so as to 
move the electrophorelic material electro- 
phorctically while the suspension layer is 
softened by heat or by means of a solvent. 
The suspension layer is exposed to radia- 
tion flux and when thereafter the electrode 
57 is removed the pattern remains on the 
surface of the suspension layer. If the base 
plate is transparent, a complementary pat- 
tern of different colour can be observed 



esccnt when the suspension medium or the 
porous layer is luminescent; non-lumines- 
cent dectrophoretie material which can be 
used includes, for example, carbon black, 
graphite or titanium dioxide. Black pigment 
may be opaque due to absorption of visible 
light and white pigment may be opaque due 
to reflection of visible light 

An ciectrophoretic material suspended in 
a suspension medium usually has a charge 
winch is positive or negative depending upon 
the properties of the electrophoretic ma- 
terial and the suspension medium. 

The ciectrophoretic suspension 3ayer 27 
or 37 of Figures la or 2a can consist of a 
single ciectrophoretic material of either 
positive or negative polarity, suspended in 
a suspension medium. The electrophoretic 
suspension layer 42 or 44 of Figures 3a 



20 



through the base plate, A permanent pattern or 4a must include at least two kinds_oI:.. 
can be produced by cooling- the" s^"^iSrr T electrophoretic materials suspendccHh--thc 
layer or by evaporating the solvent as the medium. These two kinds of electrophoretic 
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case may be. If the base plate 65 is con 
ductive, it may be used as the electrode, and 
25 a separate electrode 66 is not required. 

The . luminescent component in the 
luminescent elcctropho relic suspension layer 
can be a fluorescent material of the type 
used in fluorescent lamps, scintillators. 
30 cathode ray tubes, radar or luminous paints. 
The luminescent electrophoretic material 
can be organic or inorganic fluorescent ma- 
terials in" a finely divided powder form; 
fluorescent pigments or dyes can be used 
35 directly. Fluorescent material which can be 
used include material in the form of a main 
body consisting of the oxide, sulphide, 
sclenidc. silicate, phosphate or tungstate of 
metal such as calcium, barium, magnesium, 
40 zinc, cadmium or strontium. A small amount 
of manganese, silver, copper, antimony, lead 
or bismuth is added, as an activator, to the 
main body. Organic fluorescent materials 
which can be used include dyes such as 
45 diaminostilbenc group, fluorescein, thio- 
flavinc, cosine or rhodamine B. 

The luminescent appearance of the ma- 
terial refers to the intensity and /or spectral 
distribution and persistence of the light 
50 emitted from the luminescent material in 
response to radiation flux or electric field 
applied thereto. Suitable luminescent sus-' 
pension medium can be prepared by dissolv- 
ing the fluorescent dye in a liquid carrier 
55 or by suspending electrically neutral fluores- 
cent material in'finely divided powder form 
in a liquid carrier. 

The luminescent porous layer can be 
prepared by using non-luminescent cloth, 
60 mesh or porous "layer material, dyed or 
coated with fluorescent dye or pigment or 
by binding together fluorescent material in 
granular form, using resin or adhesive 
agent, to form a porous structure. The 
65 electrophoretic material need not be lumin- 
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materials must have different luminescent 
properties, and different charge polarities 
or electrophoretic mobilities. Accordingly, 
in preparing an ciectrophoretic suspension 
layer such as 42 or 44, at least two electro- 
phoretic materials having suitable lumines- 
cent properties and electrophoretic proper- 
ties must be selectively suspended in the 
suspension medium. 

The suitable average particle sizes of the 
finely divided particles depend upon the 
stability of the resultant electrophoretic sus- 
pension, and lie usually in the range from 100 
OA p. to 50/.'.. 

It is advantageous to add a suitable 
charge control agent, dispersion agent or 
stabilizing agent to the electrophoretic sus- 
pension layer in order to provide a stable 105 
suspension layer. To control the charge pro- 
perly of the suspended particles, it is pre- 
ferred to use particles coated with a rcsiu 
which is not soluble in, or only partially 
soluble in. the suspension medium. If the HO 
coating resin is partially soluble in the sus- 
pension medium, it can also act as a fixing 
agent for a displayed image. 

There can be used, as a suspension 
medium any suitable liquid which is inert 115 
to the electrophoretic material, the porous 
layer, the housing and the electrode. For 
producing a temporary display there can be 
used as a suspension medium in a liquid 
stale at room temperatures, that is from 120 
0'C to 35°C. Suitable suspension media 
include, for example, kerosene, trichlorotri- 
fluoroethane. isopropyl alcohol, mineral oil. 
liquid paraffin or olive oil. For producing 
a permanent display, that is, a permanent 125 
or semi-permanent copy, the suspension 
medium may be one which is in a solid 
state at room temperature but can be 
rendered fluid or liquid*- above room tem- 
peratures, that is, above 35°C Such media 130 
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include, for example, waxes such as bces- 
Suc vegetable wax. paraffin or synthetic 
wax. 
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When using these waxes and similar ma- 
teria the de°vice. or at least, the .^easjon 
aver, must be kept at a suitable le i pera- 
tun above room wmpwalutc. for re.ord- 
ia" the display. After the device has been 
thh^d io the direct electric field at he 
hi»hcr temperature and the spatia disu- 
nion of the elcctrophorelic .materia vancJ 
clcctrophcretically. the device is cooled to 
room tempsotuic to produce a P™em 
di-ciav !t it is desired to erase such a 
display! the device is subjected to an alter- 
nating* or direct electric field a. .the 1 igher 
temperature. Once the material of the 
su"£S on layer has hardened, an electric 
fidf applied to the electroluminescent sus- 
">0 - ensionVer-to render it visible docs not 
cKanSdistribution of the clectrophorcUc 
matensl and die permanent image is rc- 

ta Tht suspension medium may consist of 
a ihermosettable material which is m a 
liquid state at room temperature.^ a com 
plcte'.y permanent display is hen okamed 
by r/roducing the desired d.st nbunoa cf 
tife e'ectrophorelic material and then setting 
the medium by the application of heat. 

Tuermoscttina materials which can be 
used t suspension media in . this way in- 
clude, for example, drying of such « hn- 
seed oil. soya oil or tung oil. The liqaiu 
^pension medium -may- inc hide a bmde _ 
such as polystyrol vinyl . £,™J£ 
linseed oil wiiich fixes the cl - ut ', jpl! ?'™ 
atrial in a finely divided powder ^ form 
and a hard copy having a pern gently 
visible image reproduced taereon ,an g. 
obtained by evaporating; or extracting dk. 
Si medium P The evaporation or c, 
traction of the medium «a be ^ud J 
reduced pressure applied to uc mea.uni. 
for ev-mnle. by evacuating the bousing in- 
% din" clcc ropWdc material m the sus- 
S medium through an outlet formed 
in a wall of die housing. 
Suitable housings can be made of an> 
50 available material much is 

suspension, medium and the ^irophoretic 
material. For examp e. the frame 23 can 
b- formed from a plastic sheet nayiag a 
c^ntSropening. One of the twe .lyato can 
55 be provided with a mcta! p ate scared 1 o.. 
adhesive to the frame: such a pUie may 
serve as one electrode as described. The 
other wall can be provided by a transparent 
«lass plate secured to the frame by adhesive. 
60- the plate having on it a transparent conduc- 
tive thin film such as a film of tin ox.de 
cuprous iodide or metal. The transparent 
conductive thin film is m contact win the 
e'ectrophorelic suspension layer. To pro- 
65 vide a device with a radiation source loca- 
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ted behind the panel the metal plate can be 
replaced by a second transparent glass plate 
witli a conductive film on it. These methods 
of construction are given by way of ex- 
ample only, and any of a variety of 
methods can be adopted. 

In assembling the device the eloolrophor- 
eiic suspension can be introduced by pro- 
viding a housins with only one major wall 
attached, pouring in the suspension and then 
aitachins the closing wall, or the housing 
can be coninlctcd but for an inlet in one 
wall throua!? which the suspension is 
poured, and the inlet closed when the 
housine has been filled; ... 

Improved operating life can be obtained 
bv coatins at least one of the electrodes 
widi an insulating layer in contact with the 
suspension laver. This insulating layer im- 
proves the resistan ce of. the suspension layer 
to ckvtrfcaT^rakaoWalid permits the use 
of hVner electric voltage. The layer also 
makes it easier to remove d:c eieetrophoretic 
material from the electrode suruice when 
forming a new image by subjecting the de- 
vice to the appropriate electric field. 

Fieure 11 shows an example of a con- 
struction using an insulating layer, a first 
ei-'-tiode 28 is coated with an insulating 
laver 70 which is insoluble in the suspen- 
sion medium. The odier electrode 29 or 
both electrodes can be so coaled with insu- 
lating material. The insulating layer can be 
provided by coating the electrode with, for 
example, vinyl acetate resin, polystyrol or 
"clalin. "wiiich forms a transparent msulat- 

? t „ »r..n'.-i>ir.»nr If til 
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Tug layer suhabie for a transparent wall of 
the housing. The thickness of the layer 70 
depends on die clccirieal resisianje wmch it 
is desired that the layer and tiie eieetro- 
phoretic suspension layer 22 should have. 
For oneration at a low voltage it is desirable 
thai the insulating layer 70 should have an 
electrical resistance no greater than that of 
t(ic suspension layer 22. 

The suspension layer can be divided lo 
present a scries of individual cells or cham- 
bers ncitcd to form a composite layer. For 
example, as shown in Figure 1 2a the suspen- 
sion laver 50 is split up by a plurality ot 
spacers' 71 extending iravensely ot the 
laver so as lo present* a number oE cells 
72 «mc1i ccnlainms the suspension. The 
sna-ers can be provided by a sheet of ma- 
terial 73 having holes therein, as shown in 
Figure 13. used so as lo divide the suspen- 
sion laver into separate chambers or cells. 

The ceils, formed by holes 74 or other- 
wise, can have any suitable shape, such as 
sciuare, as shown in Figure 13. circular, recl- 
iiiWuiar, hcxaeonal. and so on. The cells 
can be regular or irregular in shape and 
may vary widelv hi dimension and disposi- 
tion or order. The dimensions ol the cells 
are selected in accordance with the desired 
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display or the nature of the suspension, or 
both, but the ceHs must be at least greater 
than the dimensions of the particles of 
clectrophoretic material in the suspension. 
5 By dividing the suspension layer into a 
plurality of cells or units a more uniform 
or sharply defined display can be produced 
because movement of the clectrophoretic 
material is confined to the limits of each 
10 ceil. Suspension material in different ceils 
of the same assembly may emit light of 
different colour. The suspension units are 
preferably disposed between electrodes, one 
of v/hich has a plurality of segment elec- 
ts trodes as shown at E u E, in Figure 

12b corresponding to and in contact with 
the suspension in the individual cells, the 
other electrode being transparent and ex- 
tending over the transparent wall 24 of the 
20 housing, also as sho^inJFigure 12b. If 
the cells arc very numerous, the electrode 
Ej.E2.E3. etc. can be formed as dots. In 
this way, each cell with its portion of the 
suspension layer between an elcclrcde scg- 
25 ment and the common electrode forms an 
individually controllable picture element 
Each cell can be caused to produce a colour 
image by applying a direct village between 
the common electrode 28 and the selected 
30 segment electrode while the suspension layer 
units are exposed to radiation flux. 

One way to provide electrodes for a num- 
ber of such cells which are in an orderly 
pattern is to provide a first electrode struc- 
35 ture consisting of a plurality of strip elec- 
trodes parallel to each other and a second 
electrode consisting of a plurality of strip 
electrodes which are disposed at right angles 
to die strips of the first electrode, similar 
40 to the arrangement shown in Figure 7. The 
cell located at each intersection of a strip 
of the first electrodes and a strip of the 
second electrodes can then be selectively 
activated, and can be used as a picture 
45 element The cells can then, by use of a 
suitable suspension, be arranged to emit 
different colour light, for example red light 
as at 50R. green light as at 50G. or blue 
iisht as shown at SOB in Figure 12c. The 
50 production of a suitable electric field by 
appropriate voltages impressed on the elec- 
trodes can be arranged to cause selected 
picture elements to reproduce a luminesc- 
ent coloured image on the display panel. 
55 a display panel for producing a colour 
image can be provided by using mosaic 
colour filters and a suspension capable of 
changing in shades of grey between black 
and white: areas of the transparent wail of 
60 the housing or the transparent electrode 
corresponding to each picture clement in a 
display panel of the type shown in Figures 
7 or 12b arc selectively coloured so that 
it acts as a colour filter, for example, for 
65 red, green or blue. However, a display 



device having at least three kinds of suspen- 
sions, that is red, green and blue, gives a 
beucr colour rendering, especially with re- 
spect to die brighUiess of die high fights, 
than can a panel with the mosaic colour 70 
filler on the transparent wall or electrode. 

A monogrammatic character display 
panel, similar to that described with refer- 
ence to Figure 6, can also be formed by a 
series of individual units each correspond- 75 
ing to one of die segmental electrodes 
shown. 

It is not necessary that the suspension 
layer should be defined by plane surfaces, 
and curved surfaces can be used. For ex- SO 
ample, in Figure 14, the suspension layer 
50 is euclosed in a housing consisting prin- 
cipally of two concentric cylinders 75 and 
76. The inner cylinder 75 .carries an elec- 
trode "79^£rid cylmaer76^3tri"" electrode -73 85 
attached thereto. Electrodes 79 and 73 are 
similar in nature to electrodes 52 and 53. 
The cylinder 75 can be constructed to en- 
close a gas such as, for example, argon or 
krypton and mercury capable of sustaining 90 
a gas discharge. Widi the gases mentioned, 
ultra-violet radiation, mainly at 2537 A, is 
emitied if an electric fieid is applied to the 
gas in conditions to cause a suitable dis- 
charge. 95 

The inner cylinder and the electrode 
attached to the outer surface of the cylinder 
are transparent to die radiation flux. The 
outer cylinder and the electrode on its inner 
surface are transparent to visible light A 
direct voltage from a voltage source 30 is 
applied between the electrodes so as to con- 
trol the spatiai distribution of the clectro- 
phoretic material of the suspension and _ 
thereby the luminesceut appearance of the *>0s 
device. The source 30 can supply not only 
the direct voltage but also said electric field, 
such as an alternating field for producing 
the gas discharge. The inner, surface 101 
of the inner cylinder can have upon it a ^0 
coating of fluorescent material to convert 
the light in the ultra-violet spectrum from 
the gas discharge into radiation in odter 
parts of the spectrum. The device in Figure 1 _ 
14 is useful as a fluorescent lamp, the colour 1 ^ 
of which can be changed by varying the 
intensity, duration time of application and 
the polarity of applied direct voltage. 

The amount of elcctrophoretic material 
in a suspension medium or the thickness of 1-0 
the eiectrophorctic suspension layer is selec- 
ted, depending upon the opacity, luminesc- 
ent property or elcctrophoretic property of 
the cleclrophorelic material, the range of 
colour change required in the device, feasi- 125 
bility of the\oitage souce and so on. 

Since the display devices described are 
of the luminescent type, a- component of the 
suspension layer must be opaque with re- 
spect to the radiation (lux and /or visible 130 



12 



1314.906 



12 



lisht in order to make an adequate colour 
The thicker <he suspension layer. 
' SSfffi-her Uie applied voltage usually re- 
SfiiSr The thinner the suspension layer. 
5 the greater the concentration of cicely 
nhorotic material required for a = iven 
Colour change. The th.ckness ot the sus- 
oension layer in practical devices is usually 
fn the rln|e from a few microns to a few 
10 mm. , t 

The following are examples of suitable 

material. 

E Terfglains oi Cyanine green B particles 
15 V /h ch is phlhatocyanine green supplied ^by 
Dalnippon Ink Chemical Industrial. Com- 
pany P in Japan vrcre added to MO nl of 

olive oil and blended v*w m au 

liota The srecn parucles had negative 
a uuorvivcm i ^, iemica i industrial 

had a fa1nr°r^n colour v/hen viewed m 
30 Se d fih? "Tta fnc sulpiude paries 
had wealc posiuvc charge pota ri > « 
not show any noticeable eleciro t .nor^ic 

- - fimand the second- pastes- Efaf pSS" 
35 to produce a third paste lac wire p-aw 
Ira nlaced between an aluminium p ate 
~nd an EC class electrode so to produce a 
iSt^.^wngb suspense layer 
having a thickness ot I0y,.:. . u l° ^ 
40 was a transparent glass plate having a trans- 
parent conductive layer of t.n oxioe 1 crc- 
on. The suspension layer raamted. ye.kw 
ish green liglit through the fas, elec 
trod" when die suspension layer was ex 

ultra-violet radiation flux from a g^MJ 
laiim When a direct voltage of / was 
appfied beween the EC glass electrode as 
cadiode and the aluminium plate as anode. 
50 Ac kmhScent colour of 

layer changed and became bright gr^en. 
When the polarity of the applied voltage 
SaTreve«ea. decolour ol ^«ggl 
Iavcr became deep green. The lummesccui 

be changed in brightness by varying the 
SltX^tae of application or polarity o£ 
2l»Bed voltage? The displayed co our 
could be maintained after the remova of 
60 the applied field. The ^^^1 
characteristic of the suspension layer could 
green colour on application 
of a St voltaac when viewed under 
wHtc hS? Th^rinc sulphide particles 



used were electroluminescent and the sus- 65 
pension layer radiated electroluminescent 
lidil on application of an electric field. 
~A direct voltage of 300 V was applied 
between the EC glass electrode as cathode 
and the aluminium plate as anode. After 70 
that, when a sinusoidal alternating voltage 
of ''SOV at 1 kHz was applied between the 
two electrodes, the suspension layer emitted 
a bri2ht creen light through the EC glass. 
When the sinusoidal voltage was applied 7:> 
between the two electrodes after application 
of a direct voltace of reverse polarity, the 
suspension layer was deep green. As men- 
tioned above, the suspension layer in this 
example radiated visible light when ultra- 80 
violet Unlit or an alternating elcctnc field 
was applied to it. The cell was useful as 
a colour change panel in which green bright- 
ness could be controlled. =tt ^ 

E*CAMPI*E 2 ^ 

Ten grams of fluorescent powder particles 
^implied as EL-RI by Dainippon Paint 
Company in Japan, in a main body of zinc 
sulpliiue was added to 50 ml of toluene dis- 
solved ten srams of vinyl ace-ate resin 90 
therein and mixed well by application of 
ultrasonic vibration to produce a paste. 
The surface cf screen sheet No. 1 000 

t «t- r- -~»P T«~. nnn 




\vi;:t uic pasie io ^iuuuvw u. va- 
porous layer. The porous layer enyued red 
ii*»iit when exnosed to ultraviolet hglit from 
a" black light" lamp. Five grams- of the - - 
flubresccm powder particles as used in tx- 
ample I were added to 50 ml of isopropyl 
alcohol and mixed well by an ultrasonic 
vibrator to produce a suspension. ihc 
powder particles had negative charge pol- 
arity in isopropyl alcohol. The luminescent 105 
porous layer was inserted between two screen 
sheets No. 1350 supplied by Teijin Com- 
pany of Japan to produce a sandwich: a 
housing was -fashioned by inserting the 
sandwich between an EC glass electrode and 1 iu 
an aluminium plate, and the housing was 
filled with the suspension to produce a 
luminescent dcctrophorctic suspension layer. 
The housing was made liquid-tight by an 
adhesive agent. When the suspension layer no 
was exposed, through the EC glass elec- 
trode, to ultra-violet light from a black 
liclit lamp, the suspension layer emitted 
yellow Ifcht When a direct voltage of 25V 
was applied between the EC glass electrode. uu 
as anode and the aluminium plate as cath- 
ode, die luminescent colour of the suspen- 
sion layer was green under ultra-violet light. 
Application of a direct voltage of reverse 
polarity between the EC glass electrode and U> 
the aluminium plate changed the luminesc- 
ent colour of the suspension- layer from 
<*reen. throush vcllow, to red. A sinusoidal 
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alternating voltage of 150 V and 60 Hz 
was half -wave rectified by a rectifier so as 
to produce repeated unidirectional pulses of 
voltage and when this pulse voltage was 
5 applied between the EC glass electrode and 
the aluminium plate, the suspension layer 
emitted electroluminescent orange light 
when the EC glass electrode was the cath- 
ode and green light when the glass was the 
10 anode. 

The device of this example was useful 
as an electric colour changeable panel cap- 
able of being altered in colour from green, 
through yellow, to red and vice versa tinder 
15 excitation by ultraviolet light 

Attention is directed to our co-pending 
Applications 19611/70 and 19612/70 (Serial 
Nos. U 13,412, 1313.413) which contain 
claims directed respectively to devices and 
20 to methods of opcraung^cmccs utilizing 
electrophoretic movement. 



WHAT WE CLAIM IS:-, m 

1. A display device composing a layer, 
including a luminescent material, the lumi- 

25 nescent appearance of the device being 
controllable by .clectrophoretic movement of 
an clectrophoretic material in said layer. 

2. A display device in accordance with 
claim 1, wherein said clectrophoretic ma- 

30 terial is luminescent 

3. A display device in accordance with 
claims 1 or 2, and comprising a luminesc- 
ent non-electrophoretic material. 

4. A display device comprising a layer 
35 including a suspension medium and at least 

one material in a form susceptible of elec- 
trophoretic mobility suspended in said 
medium, at least one of the components of 
said layer being luminescent material and 
40 at least one of the components of said layer 
being substantially opaque to the radiation 
which excites the luminescence or to visible 
light emitted by the luminescent compon- 
ent, said suspension being bounded by op- 

45 posed surfaces, spaced electrodes positioned 
with respect of said surfaces whereby on 
applying an electric field across said layer 
between said electrodes, the spatial distri- 
bution of said electrophoretic material be- 

50 tween said surfaces is dectrophoretically 
changed whereby to change the* luminescent 
appearance of said device. . 

5. A display device in accordance with 
claim 4, wherein said surfaces are generally 

55 parallel. 

6. A display device in accordance with 
claim 5, wherein electrodes are positioned 
to impose on said suspension a field which 
is substantially at right angles to the said 

60 surfaces. . 

7. A display device in accordance with 
claims 4, 5 or 6. wherein at least one 
electrode is positioned on one of said sur- 
faces. 



8. A display device in accordance with 65 
any of claims 4 to 7 wherein a wall mem- 
ber defining at least one of said surfaces is 

tra remissive to energy for exciting said 
luminescent material. 

9. A display device in accordance with 70 
any of the preceding claims, wheroin said 
luminescent material is capable of being 
rendered luminous by electromagnetic radi- 
ation. 

10. A display device in accordance with 75 
claim 9, wherein said radiation is in the 
non-visible spectrum. 

11. A display device in accordance with 
claim 10, wherein said radiation is in the 
ultra-violet range. 80 

12. A display device in accordance with 
any of the claims 4 to 8, wherein said 
radiation is energy from a radioactive 
source. „ - ^ 

13. Ar display devicelh ^accordance with 85 
claim 12, wherein said source is an em- 
bodied part of said display device. 

14. A display device in accordance with 
claim 13, wherein said source is in said 
suspension. 90 

15. A display device in accordance with 
claims 12, 13 and 14, wherein said energy 
is radiation from a radioactive isotope of 
radium, strontium 90, tritium or promc- 
thium 147. # 95 

16. A display device in accordance with 
any of daims 4 to 15 comprising means 
for applying a voltage between said elec- 
trodes. 

17. A display device in accordance with too 
claim 16, and comprising means for im- 
pressing an alternating electric field on said 
layer. 

18. A display device in accordance with 
claim 16, and comprising means for im- 105 
pressing a repetitive uni-dircctional pulse 
field on said layer. 

19. A display device in accordance with 
any of claims 4 to 18, wherein at least said 
electrophoretic material is luminescent no 

20. A display device in accordance with 
any of the preceding claims and comprising 
at least two electrophoretic materials, which 
differ in charge polarity. 

21. A display device in accordance with 115 
any of claims 1 to 19, and comprising at 
least two electrophoretic materials, which 
differ in electrophoretic mobility. 

22. A display device in accordance with 
any of the preceding daims, and comprising 120 
at least two electrophoretic materials which 
differ in luminescent properties. 

23. A display device in accordance with 
any of claims 4 to 22 wherein said suspen- 
sion medium is luminescent- ^ 125 

24. A display device in accordance with 
any of claims 4 to 23. and comprising a 
porous layer inserted in said suspension 
medium. 
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->5 A display device ia accordance with 
data 2? Scin said porous layer is lumi- 

ne 26° nL A display device in accordance with 

5 any o£ daimsVto 25. ^ff^JffS- 
sion further contains a binder for said elec 
trophoretic material, v/uich binder is at 
S partially soluble in said suspension 

10 m 27 U, A display device in accordance with 
any of daimsVto 26. wherein suspen- 
sion medium is a hardcnaMc matenaL 

A display device m accordance^ wUh 
claim 27. wherein said suspension medium 
15 is heat hardenablc. . ^uu 
29 A display device in accordance wiui 
any of clahnt 4 to 26 where n said suspen- 

20 any°of daff/tp 29, and including .mean* 
fr»/ mnlvin" an electric field to saia suspcu 
ston and nfea^s for controlling said elccUic 
field as to"Sensity and/or duration and/or 

in" walls between which said suspension 
30 ayer and said electrodes. are Positioned 

3-> A display device in accordance with 
claim 31 wherein at least one wall and the 
aSent eSrode are transparent to visible 

35 HS 33 A display device ^ accordance vvhh 
claim 32. °" e *ct ro de and the 

adjacent wall is transparent to energy, or 
radiation inducing luminescence and the 
other Strode and the other wall is trans- 

40 T A dUpSylcvice in accordance with 
data 33 wherein one of said walls is trans- 

with respect to visible light ana nas 
sc-ond electrode attached thereto. 

iiS ?6 A display device in accordance with 
any of daims * * 35. wherein at least one 
55 of said electrodes is in the shape of a de- 
sired pattern for disp ay. • hh 

37. A display device in accordance with 



any of claims 4 to 35, wherein at least one 
of said electrodes is formed as a series of 
independent electrodes disposed on a com- 60 
mon surface. 



mon surlace. m . . 

38 A display device m accordance with 
claim 37, wherein said electrode is formed 
as a series of substantially parallel strips of 
electrode material. : \ 

39 A display device m accordance with 
claim 38 wherein the other electrode is 
formed as a scries of substantially parallel 
strips of electrode material. 

40 A display device in accordance with 70 
claims 38 and 39, wherein the strips of the 
respective series arc disposed substantially 
at risht angles. 9 . . 

417 A display device in accordance with 
claim 37. and comprising means to deiine 75 
individual bodies of suspension pertaining 
to and controllable- by said independent 
Uearodcs.^ ^ device in accordance with 
claim 41. wherein said individual bodies of 80 
suspension have different luminescent prop- 

Cr 4?" A display device in accordance with 
any of claims 4 to 42, wherein at least one 
said electrodes is provided with an msulat- S5 
hi" layer in contact with said suspension. 

44 A display device in accordance with 
claim 32 wherein said transparent housing 
wall or said transparent electrode lias a 
mosaic of colour filters thereon. 90 

45 A display device in accordance with 
any of claims 4 to 44 and .comprising cylm- _ _ _ 
dncai inner and outer walls confining said 

SU 45" nS A display device in accordance with 95 
claim 45. wherein the interior of said inner 
wall contains a gas. and comprising means 
for producing a luminous electric discharge 
inlaid gas. ^ accordance with 100 

any of the claims 4 to 46. said device being 
in association with an electron beam de- 
vice the beam current of which is adapted 
to control the electric field existing across 

M S. ,a3 An improved display device, sub- 
stantially as described, with reference to the 
accompanying drawings. 

A. A. THORNTON & CO., 
Chartered Patent Agents. 
Northumberland House. 
303/306 Hirfi Holborn. 
LondonTW.Cl. 



Pubhshed a. The P-" e ^^ ich copies may be obta.ned. 



1314906 



COMPLETE SPECIFICATION 



6 SHEETS Growing Is a reproduction of 
the Original on o reduced sco/e 

Sheet 1 



24 ^20 ^^y^ 

22^y/W///s/y/yy/y?/ 



A 



■32 
23 









3L 




30 









21 26 27 




30 



FicJb. 



33 



.^^--32 31 



22 
28 
23 



/,'///. ' ■ .•/'/.'/.'/.■///.■■ . . //. J 




-23 -±r—30 



Fig. Ic. 



33 




1314906 COMPLETE SPECIFICATION , 

c cupp-rc irawin Z o reproduction of 

nce,i the Original on a reduced scale 

Sheet 2 



41 40 39 42 




Fig. 3a. 



22 . 

24 
28 



*/ 




22 
24 
28 
23 
29 
25 



F/G. 4c. 



28 --^ E^v^v^yAS^ 



J 



7-23 



Fig. 4b. 



1314906 COMPLETE SPECIFICATION 

CUPPT^ Th* 5 growing /s o reproduction of 
o anccia (he Of|g|no/on a r€< j uce< j scaic 

3heet 3 




S2. 
Si 



V5 



■s 4 



-S 5 



Fig. 6a 



L 3 . /.a 



25 



Oft 



22 

23 



7" 



U . I— 



25 I T 1 J r 7 / r 5 ' 23 
53 S; S7 S5 

/VG. (55. 



r 

Y L 5 



Fig. 6c. 



1314906 COMPLETE SPECIFICATION 

_- Tills drawing is a reproduction of 
0 SHthla t (, e Original on a. reduced scale 

Sheet 4 



37 



22 



55. 
23^ 



57 — 



30. 



56 50 



F/G.da 




■23 



^.84 



22 _ 50 

'- i.:ii-^ll\lk: U ." 



23- 
56- 



-23 



/7G.8c 



59 



'59 




1314906 COMPLETE SPECIFICATION 

- <- W cpt<; This drawing l* 0 reproduction of 
D brittle t ^ fi Q ri *gi n0 ( 0 n a reduced sco/e 

Sheet 5 




1314906 COMPLETE SPECIFICATION 

g is a rep 
al on a re< 

Sheet 6 



e rgecK nit drawing is a reproduction of 
o aneeia ^ 0f( g jn0 | „„ a fe< / uce< f , ca f e 



72. 77, 



.|^.Jl''lbfNME 



F/GJ2a. 



28, 
23- 
25- 



1 



lU Cj Ci uj Ci LU 
l I 



/7G. /?4. 

>> *2 Y3 Y 4 

rhnfinnnnnn 




1 1 



■ I 



._^50/?: : : : ; 1 . 
□ □□□□□ 



r 3 y 4 i 5 FiQ.I2c. 



